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Introduction
Double Tax Treaties (DTT) may contribute to investment and growth by avoiding double taxation and providing certainty in taxation rights, but they may also lead to considerable tax revenue losses. DTTs serve a range of purposes, including the limitation of countries' taxing rights. They determine, for instance, how a country can or cannot tax foreign-owned companies and payment flows. The treaty-based allocation of taxing rights between capital receiving source countries and capital exporting residency countries has far reaching revenue implications. With more than 3,000 tax treaties in effect today, the global network is the foundation of the international tax architecture.
1 Presumed tax treaty benefits should include increases in trade and investment flows, increased investment certainty, tools to combat tax evasion, and strengthening of political relations between countries. These benefits come at a cost, typically reductions in applicable withholding tax rates and limitations on tax jurisdiction. In addition, recent international activities aimed at countering treaty abuse seek to address non negligible indirect costs linked to tax treaties, which are being used as part of aggressive tax planning strategies by companies and individuals.
Ukrainian treaties, as most tax treaties globally, are largely based on the OECD's "Model Tax Convention on Income and on Capital", which was initially published in 1963 and designed for countries with symmetric trade and investment relations. The UN has developed a similar model, first published in 1980, which aims to better capture interests of capital receiving developing (source) countries. 2 Both models are similar, based on the residency principle, and allocate exclusive taxation rights to residence countries for business profits, unless these are generated through a permanent establishment (PE) in the country. Regarding passive income, the models limit the primary taxing rights of source countries by introducing maximum rates.
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In recent years the role of tax treaties has been re-evaluated, most notably in the context of work led by the OECD aimed at avoiding or countering the abuse of tax treaty provisions. 4 For many countries, including Ukraine, a debate on tax treaty policy, however, needs to go beyond the avoidance of treaty abuse and involve a more structured analysis of what a desirable treaty network would look like. In practice, tax treaty policy has often been relatively neglected and not been subject to a proper analysis of cost and benefits. In light of a number of aggregate studies, associated costs may be substantial. UNCTAD (2015) , for instance, estimates that 30 percent of global cross-border corporate investment stocks have 3 been routed through offshore hubs; the associated annual revenue losses for developing economies amount to approximately $100 billion. Improvement of treaty networks, including revisions of lopsided treaties, is an important policy area for developing countries (IMF 2014) . A number of treaties were recently cancelled or subject to important revisions. 5 Treaty limitations on capital gains taxation and the cost of giving up or reducing withholding instruments, which can be interpreted as a 'second line of defense' for resource-constrained administrations against international tax planning and profit shifting, played an important role in these revisions.
This paper proceeds as follows. In Section 2 we provide an overview of the Ukrainian treaty network, its effects on business activity, and its implications for government's revenues. We then focus on the direct and indirect costs associated with reduced withholding tax rates on dividend, interest and royalty payments from Ukraine. Drawing on administrative information, we estimate the tax sensitivity of income flows at an aggregate level in section 3. Publicly available firm-level information allows us to then estimate the sensitivity of reported profitability to changes in the treaty network in section 4. Section 5 concludes.
The Ukrainian Tax Treaty Network

Role and development of Ukrainian tax treaties
In Ukraine, international treaties are incorporated into domestic law. 6 The Ukrainian Tax Code and legislation on international treaties explicitly state that in case of conflict, rules established by international treaties approved by the Verkhovna Rada of Ukraine (Parliament) shall prevail over the rules of the Ukrainian Tax Code. 7 In practice, this means that international treaties entered into by Ukraine are hierarchically below the constitution but prevail over the Ukrainian Tax Code.
Ukraine has built a substantial treaty network, encompassing 66 double tax treaties (see Annex for the complete list). These treaties were negotiated with the partial objective of signaling an attractive business environment for potential investors during the transition since the 1990s. In addition, Ukraine still recognizes treaties of the USSR with Spain, Malaysia and Japan, which have not been renegotiated. Foreign-owned companies, while constituting a smaller share than in neighboring countries, still play an important economic role and are major actors in agribusiness, banking, consumer products, retail and telecommunication (OECD, 2015) . However, a large portion of recorded foreign investment into Ukraine is likely the result of local funds being channeled and subsequently returned back to Ukraine in the form of direct investment (round-tripping Renegotiation of the original Cyprus-USSR agreement led to a number of revisions to the treaty in 2012 (which entered into force in January 2014). These amendments include an increase of withholding tax rates and the introduction of the beneficial ownership concept for dividends, interest and royalties. Some of these revisions were recommended as steps to protect the Ukrainian tax base. 9 Nonetheless, Cyprus maintains a preferential status, 10 and the treaty continues to draw attention from policy makers.
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While Ukraine's first treaties were concluded mainly with current OECD member states and other former Soviet countries, recent growth in the treaty network was driven by non-OECD members. Notably, several treaties are in place with low tax and/or common conduit jurisdictions for investors in the region. Ukrainian policy makers have started to renegotiate treaties with several of these jurisdictions. 
Foregone taxing rights -the development of treaty withholding tax rates
In Ukraine, as in most other countries, dividend payments, interest and royalty flows are taxed through withholding instruments. The general domestic withholding rate for the three types of passive income from Ukrainian sources paid to non-resident entities is 15%. Double tax treaties typically limit these rates with respect to cross-border income and transactions. Figure  2 below illustrates the evolution over time of the withholding tax rates applied by the double tax treaties entered into by Ukraine, for dividends, interest and royalties. The left column summarizes the normal rate applied, and the column to the right captures special rates, such as rates for qualifying companies with a certain participation in a subsidiary, or loans by state-owned financial institutions. The circles' size represents the number of treaties signed in a given year. Over the past decades, withholding rates in Ukraine's treaties have been increased in treaty negotiations, the exception being the dividend's alternative rate for qualifying non-portfolio investment. The alternative rate for qualifying dividend and interest income remains below the rates suggested in the OECD model convention. Data Source: IBFD (2016) 6
Dividends
In several of its DTTs, Ukraine agreed to dividend withholding tax rates that are below the rates suggested by the OECD model convention (15%). Several former treaties also included a zero percent withholding tax, thus effectively removing Ukraine's taxing right on dividends paid to non-residents. For instance, a general dividend withholding rate at zero percent in the treaty with Cyprus was only renegotiated in 2012. There are still scenarios where no withholding tax applies to Ukrainian dividend distributions. One example is a structure in which the distributing company is Ukrainian and the beneficial owner (not a partnership) of the dividends is Dutch. As long as the capital investment is insured by the Dutch government, Central Bank, or any agency owned or controlled by the Dutch government, Ukraine has no right to tax the dividend distribution, regardless of the participation share of the recipient. Similar rules are found in the treaty with France, with the difference that, if insured by the government, there is no beneficial ownership requirement. The treaty with the UK requires that the recipient of the dividends not only is the beneficial owner of the income but that it is also subject to tax.
The additional requirements for the reduced dividend withholding tax rate vary from treaty to treaty. Most of them also explicitly exclude partnerships from being entitled to the more beneficial rate, although not all demand a direct participation. The treaties with Cyprus, 13 France and the Netherlands (for certain situations) envisage entitlement to partnerships as well.
13 Article 2 of the 2015 double tax treaty protocol will be effective in 2019 and explicitly excludes partnerships from the more favorable withholding rate. 
Interest
The OECD suggests in its Model Convention that a withholding rate of 10% is applied to interest payments. Similar to dividend distributions, the Ukrainian network includes a number of DTTs with important commercial partners where a zero withholding rate can be applied (interest paid to or guaranteed by a government or one of its agencies). While the share of treaties with no withholding taxation for qualifying (alternative) interest payments decreased since the 1990s, the number grew in absolute terms (Figure 4 ). The treaty between Ukraine and Cyprus provides for commonly advertised opportunities to minimize taxation of interest payments. A 2% withholding tax rate applies to interest payments originating in Ukraine and going to Cyprus.
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Royalties
Following the OECD model treaty, the country of residence of a recipient should be able to tax the payments related to royalty income. The weak policy rationale for this approach has been criticized by many observers.
17 Notably, potential direct costs of foregone revenue on royalty payments are likely increased by indirect effects. The importance of remuneration for intellectual property in driving global profit shifting dynamics has been well documented, and so are the challenges of countering this shifting channel (Beer and Loeprick, 2015) .
The Ukrainian double tax treaty signed with the UK follows the OECD rationale and allows for a zero withholding tax rate applicable to royalty payments -provided the recipient is beneficial owner and is subject to tax. Although closer to the United Nations Model Double Taxation Convention approach, which generally favors source taxation, the double tax treaties entered into with the Netherlands, Germany, Austria, 18 UK, France, and Switzerland also include provisions allowing for a 0% withholding tax rate. In the current treaty with Cyprus, payments from Ukraine would be subject to either a 5% or a 10% withholding rate, depending on the industry and type of licensing arrangement. In light of the importance of specific DTTs for tax planning arrangements, the depiction of average rates in Figure 2 above does not reveal much about the relative importance or potential impact of different treaties concluded by Ukraine. Combining information on applicable withholding rates with company ownership information, presented in section 3 below, allows us to get a better sense of the relative economic weight of negotiated treaty rates. Figure 6 summarizes the average withholding tax rate (green lines) and then provides a weighted average using the number of affiliated companies resident in each of the treaty partner jurisdictions, presented by the purple lines. Notably, the weighted withholding rates are inferior to the general average and also tend to be lower than the reference rates suggested by the OECD in its model convention. 
An overview of dividend, interest and royalty flows
In this section we provide a brief summary of payment flows from Ukraine over the past decade. Figure 7 depicts aggregate international income flows between 2005 and 2015 for dividends, interest and royalties. 20 The Ukrainian net income balance was negative with more outflows than inflows throughout the entire period and peaked at roughly USD 7.5 billion in 2013. Subsequently, dividend outflows dropped sharply as a result of a ban on dividend repatriation, following the currency shock in late 2014. Similarly, royalty interest and inflows increased substantially and decreased after 2013.
Figure 7: Primary Income Balance
Source : Central Bank (2016) Figures 8 and 9 below present more detailed pictures of income flows, differentiating between ten major recipient countries of Ukrainian payments. The primary recipient of Ukrainian payments was Cyprus, with interest and dividend payments growing strongly until 2013 and declining thereafter. The withholding tax rate on dividend and royalty payments to Cyprus increased in 2012, following treaty renegotiations, which may have contributed to the decline.
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These graphs suggest that major shareholders of Ukrainian firms are located in Cyprus, the Netherlands, Switzerland and the US, while debt is primarily issued in Russia, the UK, Austria, and France. The ban on dividend repatriation following the currency shock in late 2014 had a notable impact on the balance of dividend flows. Dividend outflows grew steadily (14.7% p.a. on average) between 2005 and 2013, when they attained a maximum of more than US$ 3 billion, before falling back to slightly more than US$ 1 billion and ceasing altogether in 2015. With more than US$ 2.5 billion in 2013, shareholders located in Cyprus seem to have been the largest beneficiaries of dividend repatriation.
Interest outflows increased from slightly less than US$ 0.5 billion in 2005 to more than US $ 3 billion in 2013. Subsequently, outflows almost halved, likely due to the currency crises starting in late 2014. Cyprus was the main driver of the observed trend. Payments to Cypriot lenders alone reached more than US$ 1.5 billion in 2013, before falling back to roughly US$ 0.7 billion in 2014. 
Direct treaty costs and the revenue impact of changes in withholding rates
Measuring the direct response to withholding rate changes
A review of dividend, interest and royalty flows allows an initial approximation of the cost (in foregone withholding tax revenue) of treaty driven taxing right limitations. Increasing or lowering the withholding tax rate with a partner country impacts tax revenue in two ways. First, there is a mechanical effect caused by the application of a higher rate on the existing base. Second, the tax base adjusts as well. For instance, while income streams to a partner country might be lower after an increase in the applicable withholding rate, income streams with other countries, absorbing some of these flows, potentially increase.
The mechanical revenue effect of tax treaty withholding rates is a result of multiplying payment streams to a country by the differential of the applicable general withholding tax rate and the rate negotiated in the country specific treaty. A complication here is to differentiate flows that qualify for alternative rates based on treaty provisions. Notably, following the most recent treaty revision with Cyprus, the treaty withholding rate for portfolio investment matches the generally applicable rate of 15%. Substantial shareholders do, however, qualify for a reduced rate of 5%. Flows to portfolio and non-portfolio investors thus need to be differentiated in the approximation of foregone tax revenue on dividends.
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According to information obtained from the Central Bank, the share of dividends paid to portfolio investors remained on average below 5 percent of all dividend payments to Cyprus during the period from 2005 to 2015. Similarly, the shares of portfolio investments for the Netherlands, Russia, the UK, Austria, Switzerland, the US, France, and Germany and Sweden on average stood below 5%. Given differences in portfolio and non-portfolio investor definitions across DTTs and the Central Bank classification 21 we assume that just about 80% 22 of dividend payments qualify for the non-portfolio rates stipulated in treaty provisions.
Measuring the behavioral response to withholding rate changes
We attempt to quantify behavioral responses to changes in withholding taxation by looking at historical variation in Ukrainian treaty provisions. This variation is limited and largely driven by new treaty formation, 23 leading to important imprecisions of our results as discussed further below.
Combining information on (limited) variations with administrative information on income flows, we estimate the magnitude of country-specific dividend, royalty and interest payments, conditional on the structure of the withholding tax regime. To derive estimates on the impact of a partial tax reform, we assume that income flows with partner country i, denoted I(i), are functions of the entire set of withholding tax rates, {T(1),T(2),..T(n)}. Governmental income accruing from the taxation of capital transfers is thus given by ∑ T i I i . We are interested in the impact of a small change of tax rate T(k). Using the above notation, this reads:
The first term represents the mechanical effect. Its magnitude is readily available by combining information on current capital transfers with the hypothesized reform, dT(k). The second term accounts for a behavioral response. Quantification of this indirect response requires estimates of the sensitivity of the tax base, dI(i). To arrive at these estimates, we assume that own-and cross-price elasticities are different but constant across partner countries, so that a linearized version of income stream I(i) reads: log * *
Here, the first coefficient represents the own-price semi-elasticity: income streams to partner country i decrease by a percent in response to a one percentage point increase in the withholding tax rate to partner country i. The second coefficient is given by (N-1) times the cross-price semi elasticity. In contrast to the own-price elasticity, it is expected to take a positive sign due to substitution effects. The variable 21 Please note that the definitions of the Central Bank do not always correspond to the definition of the ownership threshold for the non-portfolio investments specific in each treaty. In DTTs the rates differ between 10%, 20%, 25%, or 50%, depending on the specific provisions. For instance, the treaties with: Cyprus requires 20% shareholding; with Austria the requirement is 10%; while the UK requires at least 20% of the (direct or indirect) voting powers. 22 This estimate of 80% thus being fairly conservative, with the average of dividends to portfolio investors being below 5 percent of total payments. Di is a weighted average 24 of withholding tax rates applied with partner countries other than i and the country-specific effect, mi, summarizes constants. When interpreting the regression results, we use * , * and combine the above relations to obtain estimated revenue effects.
To operationalize this approach, we estimate own-and cross-tax elasticities for dividend, interest, and royalty payments jointly in a seemingly unrelated regression framework log * *
where the indices i, t, and m indicate countries, time, and income measures, respectively. Income-specific constants are captured by c(m). Furthermore, we introduce a full set of time dummies, represented by Time(mt), to capture macro-economic events such as the currency shock in late 2014 and the ensuing ban on dividend repatriation. Our dependent variables are outflows of dividend, royalty, and interest payments from Ukraine to 155 partner countries, with the years 2004 until 2014 covered.
As we allow own-and cross-price elasticities to vary across payment types, the system of equations depicted above is seemingly unrelated. However, by estimating the specifications jointly, we may test restrictions across elasticities and, more importantly, exploit efficiency gains. Specifically, we account for income-specific, country-specific and idiosyncratic components in the error structure: Table 1 below reports our estimation results. In the first, third, and fifth columns, we estimate the impact of withholding taxation on dividend-, interest-, and royalty outflows, respectively. The results suggest that increasing the tax rate with a specific country tends to reduce income flows to this country. We find the largest own-price semi-elasticity for royalty payments: a one percentage point increase in royalty withholding reduces income flows to the affected country by more than 12 percent. With an estimated sensitivity of 3 and 6 percent, dividend and interest payments seem to be less responsive to taxation. The second line reports estimates for cross-tax elasticities. As expected, these take positive signs, implying that an increase in the withholding taxation of income payments to other countries exerts a positive influence on income flows to the specific country considered. Estimates on the covariance structure suggest that around 40 percent of the unexplained variation is related to partner-country specific factors while a third is related to measure-specific factors. 25 Although we incorporate this information in our estimation approach, the coefficients are estimated with major imprecision, likely owing to the limited variation in tax rates and multicollinearity. The observed magnitude of the estimates reported in columns (1), (3), and (5) is unconvincing. It suggests an increase in the overall tax base as a result of a country level increase in the withholding rate. We therefore introduce an additional restriction to enhance the plausibility of our estimates.
Specifically, we incorporate the assumption that an increase in any tax rate does not increase the overall tax base of the affected income measure. Intuitively, the overall tax base does not increase in response to policy changes if the (negative) own-price elasticity exceeds the (positive) cross-price elasticity -the substitution effect. A sufficient condition for this requirement can be stated as the linear restriction a+r*b=0, where r is the ratio of average capital transfers to other countries, relative to capital transfers to some country with the smallest such transfers.
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We incorporate the restriction in columns (2), (4) and (6), by replacing the tax variables with a combined rate, defined by * , and using the ratios r(div)=1.58, r(int)=16.71 and r(roy)=1.60, which are based on income flows in 2014. The implied own price semi-elasticities are close in magnitude to own-price elasticities estimated before. Cross-price elasticities then follow from the restriction. We use these in the calculation of revenue effects in the following sub-section.
Direct revenue effects of WHT rate reductions
Our estimation results presented above suggest strong own-and cross-tax elasticities, meaning that income flows with all partner countries respond to changes in the withholding tax rate with any one specific country. More specifically, we find that country-specific income flows tend to decrease following an increase in the relevant withholding tax rate. This effect reduces the simple mechanical revenue gain 25 The measure-specific error component in royalty outflows is estimated to be marginally negative. We thus restrict this component to zero in estimating other error components. 26 Using linearized income streams, the condition of no-tax-base-increase in response to higher tax rates translates into: * * ∑ 0 in the case of constant cross price elasticities. From this, the sufficient condition a+r*b=0 follows with ∑ . We use a weighted average in our empirical application. one would expect from renegotiating a withholding rate at a higher level. The results also suggest that after withholding rates with a country increase, some of the income flows to this country are redirected to other countries. The share of flows that are redirected and the share that is discontinued thus shape the overall sensitivity of the withholding tax base and the efficiency of tax policy changes. Finally, these results suggest that the base of royalty payments and interest flows react strongly to any changes, while dividend flows are less sensitive. Accuracy and magnitude of revenue estimates based on these elasticities are, however, subject to a number of assumptions and need to be interpreted with caution.
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Tables 2a and 2b below translate our findings into an estimate of revenue losses linked to reduced dividend payments for the five most important recipient countries. (Cyprus, Netherlands, Russia, Austria, and Switzerland). The tables differentiate the mechanical and behavioral effects described above and report the estimated potential revenue impact of partial reforms of the withholding tax structure based on 2012 and 2014 data. In each row we examine what would happen if the current treaty based withholding tax rate with a specific country was reset to the domestic level of 15%. The mechanical effect is presented in the column on "Direct Effect" and the column named "Total Effect" combines the mechanical and behavioral effects. The table indicates, for instance, that parents in the Netherlands received from Ukraine more than US$ 400 million in dividends in 2014. If the withholding tax rate had been reset to 15%, the mechanical increase in revenues would have been around US$ 60 million. However, a share of the flows would likely have been redirected. Our estimates indicate that roughly 80% of the initial increase would remain. In table 2b 29 we report estimated effects for the year 2012 to allow for a comparison of effects before the dramatic drop in dividend outflows as a result of ban on dividend repatriation following the currency shock in late 2014. Revenue implications in 2012 are more dramatic. However, the relative efficiency -the total effect as a share of the direct effect -is similar across both years, we estimate that roughly 80% of any mechanical increases would have ended up as additional government revenue. We repeat this exercise for the main recipients of interest flows and royalty payments in 2014, applying the same approach. Given that we cannot differentiate between flows potentially qualifying for a lower rate, we only refer to the higher standard rate stipulated in each treaty. Our estimates suggest, for instance, that resetting the withholding tax rate on interest payments to Cypriot lenders could result in almost US$ 80 million in additional revenues. However, in the long run, financing would likely be restructured and originate from other countries and we estimate that only 27% of the initial increases of an isolated increase in the rate with a specific country would persist. For royalty payments, for which zero withholding rates are most common, this effect is even more pronounced. The ratio of total revenue increases as a share of mechanical effects is just 8% on average.
An investigation of indirect costs and treaty abuse
Treaty based withholding rates likely affect government revenues both directly and indirectly. As presented above, the direct effect may be an increase in revenues due to a change in the applicable tax rate. Indirectly, a change in withholding tax rates may also change the costs of shifting income abroad when using debt financing or charges for the use of intellectual property and disproportionate interest or royalty payments may decrease the reported pre-tax profitability of MNE affiliates operating in Ukraine.
A growing body of evidence indicates that multinational enterprises (MNEs) exploit intra-group transactions to reduce their corporate tax liability (Heckemeyer and Overesch, 2013, Beer and Loeprick 2015) . These tax planning strategies often involve the cross-border provision of intellectual property and intra-group financing. By acquiring goods and services, tax-deductible expenses of domestic entities can be inflated and earnings of affiliates can be increased. Given that the economic value of intellectual property, the appropriate magnitude of and remuneration for intra-group lending, or the long term return on management services is often difficult to determine, these transactions can provide an opportunity to reallocate profit.
While reducing the domestic corporate tax base, interest-, royalty-, and service fee payments are also taxed domestically. Unless double tax treaties stipulate otherwise, withholding taxes of 15 percent are levied on the gross income payments to foreign entities, increasing the effective costs of intra-group transactions and thus limiting the incentive to engage in tax arbitrage. Accordingly, withholding taxation can act as 'a second line of defense' in safeguarding the domestic tax base, especially when administrative capacity is limited or the scope of anti-abuse provisions is narrowly defined.
In order to get a better indication of treaty related tax planning and potential profit-shifting from Ukraine, we exploit information on group structures and performance indicators of more than 5,000 Ukrainian MNEs to examine profitability, and leverage ratios among Ukrainian MNEs. More specifically, we rely on available locational information on the MNE group structure to determine the relevant set of withholding tax rates for each firm in the sample to estimate the impact of withholding tax rates on reported firm level performance.
Data and sample description
Our analysis in this section is based on Bureau van Dijk's ORBIS database, offering administrative information for more than 50 million private and public companies globally. The data are collected by national institutions based on legal requirements and compiled and standardized by Bureau van Dijk. As of January 2016, ORBIS covers over 300,000 Ukrainian firms with unconsolidated accounts, providing balance sheet and profitability information for the years 2006 until 2014 as well as information on corporate group structures.
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We consider firms to be a multinational enterprise if they either own, or if they are owned by, at least one foreign affiliate with a total ownership-share of at least 20%. Following this definition, the majority of Ukrainian firms are not part of MNEs. We drop purely domestic firms from the sample. To avoid potential biases caused by influential and/or unusual observations, we perform a sequence of data cleaning steps. Specifically, we drop firms with unknown or excessive profitability level and 5% of the sample lying at the extremes of the distribution (in terms of profitability, size, or reported intensity on the use of intangible 20 assets). Finally, we limit the data set to firms with non-negative sales and liabilities. Following these data cleaning steps, the baseline sample comprises 5,113 MNEs. Table 5 summarizes the sample selection. For each MNE in the baseline sample, we record the number and location of affiliated companies and the location of its global ultimate owner. Around 90% of our sample is controlled from abroad. More than 20% of the firms in our sample are controlled from Cyprus. Other important locations of controlling shareholders' countries include Russia, Germany, the British Virgin Islands, USA, UK, Netherlands, Austria and Poland. We cannot clearly identify the global ultimate owner for roughly 15% of the sample because of shared ownership structures.
To further examine the impact of group structures, we assign each Ukrainian firm to at least one foreign country if either the controlling shareholders, or a controlled subsidiary, are located there. Over 30% of the sample exhibit a direct link to Cyprus (1,697 out of 5,312), either through a controlling shareholder or a controlled subsidiary. This number includes companies which are operating in Cyprus and Ukraine only (1,219 firms) and MNEs operating in more than two countries. The most frequent corporate group structures among the latter group include: Ukraine-Cyprus-Luxembourg (76 firms), Ukraine-Cyprus-British Virgin Islands (72 firms), and Ukraine-Cyprus-Netherlands (70 firms).
32
We do account for the details of these group structures when estimating the impact of withholding tax rates on firm-level variables. Specifically, when a Ukrainian MNE is affiliated with companies in more than one country, we proxy for the effective withholding tax rate by taking the lowest of the tax rates applicable under the set of relevant double tax treaties.
Besides Cyprus, which seems to be part of most group structures, we find a high concentration of ownership links between Ukrainian MNEs and foreign entities in the following countries: Russia (435 firms), the Netherlands (402 firms), Great Britain (396 firms), Germany (371 firms), British Virgin Islands (333 firms), USA (256 firms), Poland (230 firms), Austria (229 firms), and Luxembourg (207 firms). Figure 10 summarizes the relative importance of industries across Ukraine's major partner countries. For each major partner country identified above, the circle size represents the share of firms operating in a 32 These figures do not differentiate the number of affiliated companies of a specific MNE in a country. The presence of one or multiple firms of the same corporate group in one foreign country is recorded as one direct relationship to this country.
Step Description Firms in sample The graph (first row) shows that groups with an affiliate in Cyprus are nearly two times as likely to operate in the agricultural sector, compared to an average Ukrainian MNE. The likelihood of operating in the real estate or financial sector is 30% higher. Groups with Russian affiliates (second row) are concentrated in information and communication industries (+40%), the construction sector, and professional, scientific and technical activities (+30% each).
The third row shows that the industry distribution of MNEs with an affiliate in the Netherlands is, with a high concentration of agricultural firms, surprisingly similar to the one of MNEs with a Cypriot affiliate. Other notable deviations from the baseline distribution include 34 MNEs with UK affiliates (+90%) in the transportation sector, the information and communication intensity among MNEs with affiliates in the 33 More formally, the circle size (and number) represent the ratio xA/x, where the average share of multinational firms operating in an industry is given by x while the respective share of firms with an affiliate in country A is given by xA. 34 Substantial deviations reported among non-Cypriot MNEs must be partly attributed to the small sample size, rendering unusual empirical distributions more likely.
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USA (+110%), Austrian real estate and financial firms (+110% and +210%), and the agricultural intensity of MNEs with affiliates in Luxembourg (+400%).
Empirical analysis
We start our analysis from the premise that an MNE's incentive to shift profits is inversely related to the level of withholding taxation. Where domestic withholding taxation applies to cross-border interest-, royalty-, or service fee payments, the potential tax advantage of lower corporate income taxation abroad is reduced. Double taxation agreements thus likely affect reported firm profitability by altering the financial structure, the provision/use of intellectual property, or the use of internal services. We link group structure information with firm-level variables to investigate this premise.
The following regression specification summarizes two related hypotheses:
The dependent variable y(it) varies over time t and firms i. It is either (a.) the return on assets (profit over tangible assets), or (b.) the leverage ratio (debt over tangible assets) of Ukrainian MNEs. The main explanatory variable, withholding, is the relevant withholding tax rate which varies across observations in accordance with the location of affiliated companies.
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We expect withholding taxation to exert a positive influence on firm profitability by reducing the incentive to shift profits abroad. Accordingly, the coefficient on the withholding tax rate should take a positive sign when using the return on assets as the dependent variable. The underlying mechanisms are twofold. First, withholding taxation on interest payments decreases the tax benefit of debt financing. For instance, by applying a high rate of withholding to interest payments to a related entity in a low tax jurisdiction, the return to shifting profits out of Ukraine decreases. We thus expect higher withholding taxation to impact the leverage ratio of MNEs in Ukraine negatively. The second mechanism works through the use of intellectual property. If royalty payments are taxed when crossing the border, the benefit of relocating profit using excessive royalty charges is reduced.
Ukraine's withholding tax rates on royalty-and interest payments are highly correlated (around 0.8).
To avoid multicollinearity, we use an average of these rates as an explanatory variable. Furthermore, to account for MNEs' affiliation with several partner countries, we proxy for the relevant withholding tax rate by taking the minimum of the applicable tax rates. Limited variation in withholding tax rates between 2006 and 2014 limits our control for arbitrary correlation between unobserved effects at the firm level and for our explanatory variables. 36 To reduce the potential of endogeneity, we include a range of control variables in X.
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Performance ratios and MNE links to partner countries
We first examine the impact of DTTs graphically by depicting firm-specific variables conditional on corporate group structures. Figures 11 and 12 below illustrate the average development of the return on assets and the leverage ratio of MNEs with an affiliate in a specific country (dark blue line) and a control group (light blue line) of comparable firms without a link to this country.
Selection of the control group is based on propensity score matching, with tangible asset-, industry-, and employee information used as explanatory variables. Firms in the experimental groups should thus not differ in these dimensions. However, while each firm in the "treatment"-group owns a subsidiary (or is owned by a shareholder) in a specific country, firms in the control group are not affiliated with this country. More precisely, the values depicted are conditional means: they stem from MNEs of comparable size and similar industry composition but different ownership structures. 38 Red circles indicate significant deviations between the two groups in a given year. 36 We do, however, account for the characteristic error structure implied by equation 1 (i.e., the firm specific error component ) and estimate the model via feasible GLS (random effects). 37 The vector includes a set of industry indicators, the logarithm of firm-specific assets to control for the impact of size, the number of affiliated companies to control for group spill-overs and a full set of time-specific effects to account for macroeconomic shocks. Another interesting observation is that MNEs with an affiliate in Russia show no statistically significant differences in the return on assets in any given year. On average, however, the profitability figures seem to be slightly higher than the returns of comparable firms, particularly before 2010. The second row indicates that MNEs with a Russian affiliate are moderately leveraged. The first column in Figure 11 contrasts MNEs with affiliates in the British Virgin Islands with a matched control group. While profitability ratios seem to be particularly low, there are no significant deviations in any year.
To further analyze whether group structures impact firm-specific variables, we estimate a series of regression specifications (see Tables 6a and b) where we include locational dummies in addition to controlling for industry composition and size. Aggregating over years supports the trends apparent in Figures 11 and 12: groups with affiliates in Cyprus exhibit significantly lower profitability ratios. On average, we find the return on assets to be 0.82 lower than the one of comparable firms without Cypriot affiliates. The difference is significant at the 1 percent level. The regression results also indicate that MNEs with affiliates in the UK (-0.44) and the British Virgin Islands (-1.42) exhibit significantly lower profitability ratios.
In contrast, we find MNEs with links to Poland, Germany, and the Netherlands to be more profitable than comparable firms of similar size, with significantly positive deviations of 0.83, 0.69, and 0.86, respectively. These findings seem to be partly driven by leverage ratios. Groups with affiliates in Cyprus and Luxembourg are also highly leveraged, while groups with direct relationships to Russia and Poland exhibit a lower ratio of liabilities to assets. Table 7 presents our main results on the relationship between withholding tax rates and firm-specific variables. More specifically, we test whether withholding tax rates drive the variation in profitability and leverage across MNEs with different ownership structures, documented above. The first column shows that withholding tax rates help explain reported profitability. Controlling for industry and year fixed effects, the amount of reported tangible assets, the number of employees, and MNEs' group-size, we find that a one percentage point increase in withholding taxation increases reported profitability by 5 percentage points. The impact is statistically significant at the 1% level. When additionally controlling for the presence of an affiliate in one of the most important partner countries (Cyprus, UK, Germany, Netherlands, Russia, Austria, Poland, Luxembourg), using a set of dummy variables, the estimated impact decreases only slightly in magnitude and remains significant at the 10% level, as shown in column 2. The observed effect thus also seems to be relevant outside the main partner countries.
In columns 3 and 4, we examine whether the observed correlation between withholding tax rates and firm profitability is driven by a change in leverage ratios. In line with our expectations, we find that higher withholding taxation decreases the leverage ratio significantly. More specifically, we find that a one percentage point increase in withholding taxation decreases the debt share by 19%.
Withholding tax rates thus seem to be a determinant of reported profitability levels and the leverage of Ukrainian entities. However, the regression results indicate that the location of affiliated companies explains some residual variance, implying that the documented variation in firm profitability is not driven by withholding taxation alone. Specifically, after controlling for firm size, industry, macro-shocks and withholding tax rates, we find that firms with an affiliate in either Cyprus or the British Virgin Islands are surprisingly unprofitable. The difference to comparable firms lies at 0.45 and 1.35, respectively, and is significant at the 10% and 1% level. 39 Similarly, the high profitability of MNEs with an affiliate in the Netherlands is not fully captured by withholding taxation or firm size.
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Conclusion
To investigate the effect of reduced withholding tax rates on revenue collection in Ukraine, we combine administrative information on income flows and publically available firm level information. Our analysis of income flows suggests that there are important revenue losses linked to reduced withholding tax rates on dividend, interest and royalty payments. Combining information on historical variation in Ukrainian treaty provisions with administrative data we also find, however, that income flows to a specific country tend to decrease following an increase in the relevant withholding tax rate with the country. This effect reduces the simple mechanical revenue gain one can expect from renegotiating a withholding rate at a higher level. Furthermore, we investigate indirect costs of reduced withholding rates and find that the reported profits of Ukrainian multinationals are sensitive to withholding taxation, indirectly adding to total revenue losses. This effect is partly driven by differences in the use of debt financing. Group structures seem to impact the reported profitability of Ukrainian MNE affiliates.
Our findings point towards the importance of developing a comprehensive treaty policy approach to guide any future negotiations and/or revisions. This is particularly relevant with respect to the small number of major investment hubs (Cyprus, Netherlands, Switzerland, Luxembourg) accounting for a large share of income flows from Ukraine. A treaty can be beneficial where its benefits outweigh revenue losses. Consequently, further analysis of benefits should be done for the Ukrainian DTTs to see whether they measure up against the cost estimates in this paper. Notably, however, where investment activity is merely redirected via another country to take advantage of treaty benefits, but would have taken place irrespective of the treaty, revenue losses are not offset by any potential gains. The findings of this study suggest that further targeted enforcement may be needed to address such round-tripping arrangements. Moreover, the analysis of reported MNE earnings suggests that the ownership structure and operations with affiliates in certain jurisdictions should receive increased attention in risk assessment and transfer pricing audit activities.
